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1.  It  w reported  by  the  Amwnitico  Sagtnaariag  Baetioa  that  in  static 
firlag  testa  the  XU1  Squib  failed  to  ignite  a notified*  KL8  Ignitor  appsm- 
laataly  b$  of  the  tin*,  tte  KU1  tail  «u  than  loaded  with  "Modified"  <s6L 
Composition  (and  is  hereinafter  raftered  to  aa  the  "Modified"  MULL  Squib)  which 
geee  lOOjt  lgr<tlon  la  the  KXfi  Igniter. 


8*  ft  explain  the  reaolte  of  the  static  flaring  tooto  it  ns  decided  to 
investigate  and  oaloulata  eererml  cheeriest  aad  theoraodpteodo  charaetsrtstlos 
of  the  equib  charges  vhioh  night  influence  the  ignition  of  the  igniter  by  the 
squib.  Sw  items  listed  below  vase  detsmlasd. 

a*  Average  gas  volume  per  equib 
t*  Average  oharge  weight  per  squib 
e«  Seat  of  reaction 
&.  Hesse  taagerattee 
e.  Products  of  the  reaction 


5*  She  ccaqpoeitiooa  of  the  Midi  Squib  oharge  aad  the  Modified*  I6l 
Charge  are  ae  follows 


MU1  aqnlb  CoMPoeitlcn 

WaKodtaltroalwool  20^ 

Potassium  Chlorate  6oi 

Carbon  (Pstasd  Wood  Charcoal)  1 5jt 
Mtrostarch  jj l 


"Modified"  T6l  Ccnoooltlon 
load  Thiocyanate 

Potassium  Chlorate  fcfcd 

Carbon  (Pondered  Wood  Charcoal)  20} 


kJVtuiiTSs 


%*  d Busassry  of  the  raanlte  obtained  are  listed  below.  She  column  on 
the  left  show  the  properties  measured  and  the  two  oolxnms  on  the  right  Indicate 
the  reaolte  obtained  for  each  aqnlb. 

■Modified* 

Sgopertiee  KOJUL  Squib  ' met 


Average  Increase  in  Gee  Volume  per  Squib 
(co  at  0°C  and  760  an) 

Average  Charge  Weight  per  Squib  (gms) 

Seat  of  Reaction*  cale/ squib  (calculated) 
Heat  of  Heaotion*  oala/aquib  ( experimental) 
Tterae  Tamp,  °K  (calculated) 

Plane  Toap*  °X  ( experimental) 

''Seat  Evolved*  per  sole  of  gaa  (calculated) 
'Seat  Evolved*  per  sole  of  gas  (experimental} 
Weight  of  Solid  Products*  per  uquib  (gsaa) 


12.%  £ .2 
.052% 
71.86 
73.1 3 
1B%0 


1870 

?5.6o 

2o.u? 

.01586 


8.8  £ .5 


58.03 

5%.e 

3100 

2923 


78.62 

7%.01 

.03033 


! 

t : 

1 

1 

n 

1 ■ 


i 

> 


I 


This  calculation  lo  based  on  tho  actual  solos  of  each  gas  formed,  in  tha 
reactions  of  Tables  HI  and  17, 
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WEsatmGs  of  espitsi 

5*  Mechanisms  ef  Xfgiltlgaf-  Shsre  are  several  mechanisms  by  which  the 
igaitioa  of  e peeler  or  explosive  ha*  been  explained.  A substance  oea  be 
tgaitad  by  thaxm&l  decomposition  of  the  aolsoulss,  tribochenical  d®o  exposition 
of  the  moleoulss  as  by  flriction  or  lapaet,  catalysis,  supersonic  vibrations, 
■table  electricity,  Freeware,  and  by  other  methods  which  are  lesa  significant. 
Ignition  can  beet  be  explained  thermally.  Bowden  and.  Toff®  (Bef  A)  hare  shown 
that  ©Tea  the  nechanloal  Initiation  of  a eoLlA  or  liquid  explosive  can  be  ex- 
plained by  the  formation  of  a laoall  ted  hot  apot.  It  appears  that  ignition 
takes  place  when  an  adequate  aaoont  of  energy  is  evolved  to  dsoompose  a critical 
saaher  of  molsoules.  To  measure  the  heat  produced,  eerreral  theraochealeal, 
ohsaioal  and  physical  properties  of  the  MIA1.  Squib  and  the  "Modified"  WAX  Squib 
are  measured  and  c engaged.  All  properties  each  as  heat  capacity,  flame  teaqper- 
atare,  heat  of  combustion  sad  heat  of  formation  used  in  this  report  are  at  con- 
stant pressure.  In  order  to  0 Isolate  the  actual  firing  condition  of  a squib. 
Because  the  K1A1  Squib  and  the  "Hodified"  MlAl  Squib  sere  fired  in  a closed  beads 
at  constant  Tolnae  and  ona  ataoaphara  pressure,  the  correction  for  the  Increase 
in  pressure  developed  by  the  gaseous  products  la  included.  She  properties 
measured  and  the  method  of  measuring  these  properties  follows 


6.  Properties  s - 


a.  Treasure: 


Too  average  Increase  In  gas  volume  produced  by  Ignition  of  the 
"Modified"  Midi  Squib  corrected  to  0°C  and  7&>  mm  pressure  is  8.8  £ .3  ml/ 
eqolb  where  .3  ml  la  the  standard  deviation  of  the  mean.  She  average  charge 
weight  is  . 05*12  gsm  per  squib.  She  results  are  tabulated  in  Sable  I.  The 
overage  increase  in  gas  volume  produced  by  ignition  of  the  K1A1  Squib  is 
12. k £ .2  ml  and  the  average  charge  weight  is  .032%  gms  par  squib  (Table  U). 
This  increase  in  volume  la  not  the  actual  volume  of  gases  produced  by  the 
ignition  of  the  squib.  Tables  XXX  and  IT  indicate  that  the  oxygen  of  the  air 
in  the  bomb  also  takes  part  In  the  reaction.  Die  increase  in  voluns  is  used 
in  this  report  principally  to  indicate  the  pressure  developed  by  the  products  of 
the  squib. 


b.  Beat  of  Bo  action  and  Products  of  Sanction: 

The  calculated  and  experimental  values  for  the  heat  of  reaction 
are  shown  under  Bo  suit  3.  The  calculated  values  for  floss  temperature  and  heat 
evolved  per  mole  of  gas  ere  based  on  the  calculated  heat  of  reaction.  The  exper- 
imental values  for  flame  temperature  and  heat  evolved  per  mole  of  gas  are  basod 
on  the  experimental  heat  of  roaotlon. 

To  calculate  the  hoat  of  reaction  a knowledge  of  the  products  of 
roaotlon  oa  voll  aa  a knowledge  of  tho  hoat  of  formation  of  oaoh  product  fonnoa 
lo  nocoaoary  vie  nf  pred  - £dHf  roao  - * Hr,  whore  £*%) 
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Bioeuaeioa  of  Results  (coatd) 

is  the  heat  of  react!*®.  An  analysis  of  the  solid  residue  of  the  "Modified” 

M1A1  Squib  after  reaction  Indicates  the  presence  of  lead  oxide*  potassium 
chloride*  and  sulfur  as  veil  as  unreaoted  carbon*  The  gases  formed  in  the 
reaction  of  each  squib  charge  are  shown  in  Table  T.  Dxe  total  products  of 
reaction  for  each  squib  sore  described  by  the  ohenioal  reactions  in  Tables  ill 
and  XT*  35x»  xsswrsJLs  above  each  substance  indicate . the  might  in  grams  of  that 
substaaoe  taking  part  In  the  reaction.  Ths  numerals  be  lev  the  equation  repre- 
sent the  equivalent  mights*  It  ms  ae earned  that  the  solid  products  of  the  M1A1 
Squib  consisted  entirely  of  uareaoted#  carbon  and  potassium  chloride.  The  heat  of 
formation  of  the  products  of  ignition  are  ehovn  in  Table  71*  Details  for  calcu- 
lating the  heat  of  reaction  are  shown  in  Appendix  I. 


In  Tables  HZ  and  IT  it  is  xuted  that  carbon  dioxide  is  formed 
rather  *■*»««  carbon  monoxide.  This  is  not  unusual  in  oxygen  deficient  systems 
such  es  exist  in  the  Charge  composition  of  each  squib.  Fatal  and  Hofftaa 
(Bef  B),  J.  Comer  (Bef  C)*  Morris  and  Thomas  (Bef  D)  sad  others  report  similar 
observations.  Fatal  and  Boffiaan  discuss  the  reaction  of  carbon  and  potassium 
chlorate*  <J.  Corner  shove  that  lev  temperatures  sad  pressures  favor  the  formation 
of  carbon  dioxide.  Morris  and  Thomas  shew  that  the  products  of  modem  explosives 
consist  almost  uniquely  cf  carbon  dioxide*  water,  and  nitrogen  with  the  possible 
formation  of  carbon  monoxide  and  hydrogen  in  oxygen  deficient  eye  tame  each  as  ex- 
ist in  the  two  squibs  studied.  Some  earbon  dioxide  is  formed  by  the  reaction  of 
the  cor  boa  of  the  squib  charge  and  oxygen  of  the  atmosphere.  The  latter  reaction 
la  shewn  a a the  final  reaction  in  Tables  HZ  and  17.  The  extent  to  which  the 
oxygen  of  the  air  will  react  with  a reactant  of  a squib  charge*  when  this  charge 
is  embedded  in  an  igniter*  la  not  known. 

The  last  two  reactions  far  thr  MLAl  Squib  (Table  17)  involving  the 
dissociation  of  water  the  oxidation  of  carbon  may  be  combined.  It  la  doubt- 
ful that  so  large  a percentage  of  water  would  dissociate  at  the  relatively  lev 
flame  temperature*  which  is  assumed  to  be  the  max  Inna  temperature  of  the  reaction. 
It  la  possible  however  that  carbon  reacts  directly  with  the  water  to  yield  hydro- 
gen. It  is  also  probable  that  carbon  monoxide  formed  will  react  with  water  to 
give  oarbon  *ns  hydrogen.  This  la  the  water  gas  reaction*  viz  CO  / BgO  ■ 

C02  / ^2*  Th®  overall  effect,  however*  on  the  heat  of  reaction  and  the  flame 
temperature  is  the  as  if  the  carbon  reacted  directly  with  the  water. 

The  heats  of  formation  shewn  in  Table  71  are  taken  from  Bichowsky 
ana  Rossini  (Ref  B)  with  the  exception  cf  nitroa torch  and  diazodinitrophenol. 


The  heat  of  formation  of  diazodinitrophenol  la  not  listed  In  the 
literature.  It  vaa  derived  therefore  frea  the  heat  of  ccnbuation  of  this  com- 
pound which  van  determined  in  these  Laboratories  and  ie  3.2  x 10-5  oals/gnu  Bil* 
value  should  not  be  taken  aa  absolute  however  due  to  the  instability  of  diasedi- 
nltrophenol.  The  ohenlcal  reaction  for  the  heat  of  combustion  may  be  written  os 
CgUViftj  / UOo—yfcOj  (3)  r HeO  (!)  / cir.2*  Tho  heat  of  formation  of  diazcdl- 

nltrophenol  (-4H [ «!’:<«)  !.■»  obMtned  from  the  equation: 
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Dioouaslea  of  Basalts  (ocntd) 

& &Bf  COg  BUG  ->i2|  dlas  ■— i^Eo  where  (- AHo)  is  tha  boat  of  o animation 

of  eiasodlnltrosbanol.  She  boat  of  formation  of  dlasodlnltrophenoL  derived 
ftaa  the  above  aquation  Is  -1#  iaml/aolo,  Bie  negative  sign  indicates  that 
boat  Is  Sbsosbsd. 

She  boat  of  f creation  of  nltrostarob  is  reported  by  Becrtholet 
(Bpf  Q).  Bartholei's  fonsola  for  nitroataroh  Is  OgHgO^  (sEO*).  Tbio  IMloatea 

a.  6,&f'  nitrogen  ooatent  aa,  oempered  to  tbs  12.735^  nitrogen  content  of  tbs 
nltrostarob  In  tbs  MAI  Squib.  It  iu  therefore  deoiled  to  use  tbs  sans  beat 
*°®‘  nltrostarob  (12.75^  nitrogen  oozxtsnt)  as  for  oellnlose  nitrate 
(12. 660  nitrogen  content)  trhioh  is  reported  by  Jessup  and  Proaen  (Bef  H) . The 
beat  of  oebbostion  f or  cotton  and  vood  oeUnlose  reported  by  Jessup  and  Prosen 
is  sl£%0  and  W.72.8  oals/ga  respectively.  She  beat  of  combustion  of  potato 
starch  determined  by  the  Pica-tinny  Arsenal  Laboratories  is  fcU&.l  cala/ga.  It 
m ovidsflat  therefore  tha t_  the  beats  of  ocabostlon  of  the  two  compounds  are 
practically  identical.  Each  noleoale  contains  the  sans  number  of  carbon,  caqrgaa 
wad  hydrogen  steps,  and  each  yield. tbs  sens  products  on  ocnbustlon.  The  beat  of 
formation  of  cellulose  and  stores  are  therefore  assumed  to  be  ‘equal. 

■ 4 4 

Qw  effect  of  the  functional  gravy  on  the  thena&l  properties  of  a 
molecule  has  been  studied  by  J&stlatowoby  (Bef  I)  and  Sprlsgall  and  Bobetrta 
(lef  J).  Brie  effect  la  alio  evident  in  the  compilation*  of  Zhsraeoh  (Eaf  X), 
Arthur,!).  little  (Hef  L)  and  numerous  others.  All  of  the  above  references 
iadioate  that  the.  introduction  of  a functional  group  (nitro  group,  ml  no  group, 
eta)  In  & noleoale  vill  change  the  heat  of  combustion  and  also  the  heat  ‘of  tar- 
nation  of  that  noleoale.  It  Is  also  seen  that  the  change  produced  is  chapaeter* 
ietlo  of  the  grouping,  end.  is  a constant  for  any  particular  grouping. 

• 

If  ve  therefore  represent  the  starch  and  cellulose  molecules  aa  • 
BQH  and  B’GH  respectively,  and  these  molecules  are  nitrated  to  the  same  degree, 
the  t*o  nay  be  identified  aa  BQBOg  and  B'O&Og.  It  has  been  shown  that  the  heat 

of  formation  of  EOS  and  B’QH  are  equal.  She  substitution  of  identical  groupings 
vill  therefore  cause  similar  variations  in  the  heat  of  formation  of  oaoh  molecule 
and  the  resultant  nitrated  molecules  would  have  similar  heats  of  formation.  The 
heat  of  formation  of  nitrostarch  is  there/ore  equal  to  the  heat  of  formation  of 
nitrooellulojo  of  similar  nitrate  content.  This  value  is  168.9  to al/mole,  or 
617  cal/ga  (Eef  H). 

Using  the  heats  of  formation  shown  in  Table  71  and  the  reactions 
of  Tables  HI  and  17,  the  calculated  heat  of  .reaction  for  the  M1A1  Squib  is 
71.06  cala/aquib  and  for  the  "Modified"  Squib  is  58.03  cal/aquib. 

The  experimental  heat  of  reaction  vaa  determined  for  the  "Modified" 
MLM  Squib  Charge  oinco  ocme  of  the  "Modified"  T6l  Conpositioa  vao  available. 

The  charje  of  the  2HA1  Squib  vas  not  available  however  and  the  oxporimontal  heat 
of  reaction  was  dotormlnod  using  the  complete  oquib.  The  method  employed  is 
dincuaaad  under  "Mxporinontal  Procedure".  The  ocroomont  botvoen  the  experimental 
ami  calculated  boat  of  reaction  for  the  MLM  3quib  io  quite  good  71.86  cala/cquib 

12 

CONFIDENTIAL 

•;eCtli»fT  l?i?0,tUAN0!l 


TTT'Vr'J.’*-' 


CONFIDENTIAL 

eccustnr  tttr&mmG* 


tHecusstoa  of  Bseulta  (contd) 

ocapar*&  to  73. 1J  cals/ squib.  The  egresaeat  between  th*  experinsotnl  and. 
calculated  talma  ter  to*  “Modified*  KLA1  Stalk  la  alao  sooaptsbla,  34.63  oal ay 
•talk  ooaparad  t & 58*05  cals/ squib,  vtm  it  is  oonsl&srsd  that  th*  oenatitusnte 
of  taw  squib  o barge  *ay  wry  plus  or  alma  several  pare  oat,  and  that  tha  sop* 
pilot  charge  mgr  have  ecus  frost  a different  lot  ftta  that  found  la  tha  squib, 
fit  experimental  value*  vara  cocrrootad  to  ooaataat  prewar*  (aa  ahovu  on  past 
70,  Ret  u). 


o*  fJajL  Taepegatara: 

So  estimate  tha  flam  teapenature,  tha  haat  contents  (enthalpy) 
of  tha  prodosta  of  raaotloa  plus  tha  haat  evolved  In  changes  of  state  van  sat 
aqua!  to  tha  haat  of  reecticn,  vis 

mJL*  £ £***  ' £-i  'lW 

wharet 

la  tha  haat  absorbed  for  a change  of  state 

X la  tha  naabar  of  products 

n la  tha  masher  of  nolaa 

Cp1  la  tha  solar  haat  capacity  of  tha  IS*  product 

The  haat  capacities  for  all  tha  products  are  Hated.  In  Table  YU.  Beat  capaci- 
ties for  all  compounds  vlth  tha  exception  of  sulfur  and  potassium  chloride  are 
taken  frca  the  listings  In  Olssetone  (Baf  K). 


Values  for  sulfur  sad  potassium  chloride  ere  taken  from  X.  X.  Kelley 
(Bofi  B and  0)  respectively.  To  evaluate  the  enthalpy  change  for  phase  changes 
the  following  data*  taken  froa  "Selected  Values  of  Iheracdynamlc  Properties* 

(Baf  P)  vu  -Included: 


Tamp 

hgs 

IDl  (c) 

— > 

KC1  (g) 

10h5°X 

49.5 

XC1  (c) 

—> 

KC1  (1) 

1045°X 

6.1 

P 

ZC1  (1) 

-> 

ttl  (g) 

l68o°X 

38.8 

[ 

3 (=) 

— > 

3 (1) 

392°x 

O.293 

3 (1) 

— ? 

3 (g) 

717. 7°K 

2.5 

» 
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Steouselon  of  Basalt*  (contd) 

n»  values  of  4 H«  Indicate  the  heat  assorted  la  fceal/mol*  and  c,  1,  «a&  g 
represents  crystal,  liquid,  sad  gas  phase  respectively. 


To  determine  tbs  boat  oaotent  of  a gas  between  too  temperatures 
It  is  neoecsaay  only  to  l&tagmts  tbs  e?,^stlaas  shewn  la MBsIg.  for  ex- 
ample ths  host  capacity  for  a Mias  of  hydrogen  is  n(6.90  / .00097).  Xate- 
grating  this  equation  with  resject  to  temperature  vt  get  tbs  enthalpy  change 


(* 

.'I  *1 
(J  To 


(Opd*),  n* 


JZ.JV*  * ^•50  (MS8-,i>  - 896. 


8umt 


la  ths  flam 


la  degrees  Kelvin 


a is  ths  number  of  Doles  of  hydrogen 


Ths  Integrated  equations  are  eimenfl.  la  Appendix  IX* 

Using  ths  prooedxcre  shewn  shore,  the  chugs  la  heat  content  of 
all  the  uther  product*  can  he  found,  as  a function  of  taaperature.  flnhslng  ths 
hsat  oonteate  of  tbs  ln&lYldnal  reaction  products  glres  Its  total  change  la 
enthalpy,  ihla  furwtion,A  H (which  Is  equal  to-4  % is  plotted  aglnst 

temperature  hy  assigning  various  raises  to  T and  calculating^*!!.  fits  fleas  tenper- 
atare  carrespomlcg  to  ths  heat  of  reaction  of  the  .squib  Is  obtained  directly 
from  Figure*  X and  XX.  The  experimental  and  calculated  flame  temperature*  of  ths 
MLA1  Squib  are  1870%  and  l8tO°X  respectively.  She  experimental  and  calculated, 
firms  temperature*  for  the  %odlflo&"  KU1  Squib  are  8989%  and  3100%.  It  la 
seen  therefore  that  the  flame  temperature  of  the  "Modified11  KU1  Squib  is  dots 
than  1000%  greater  than  the  flame  temperature  of  the  Midi  Squib.  In  Figure  I, 
the  value  3.82  la  the  correction  for  the  heat  of  vaporization  of  water  and  1.5© 
is  the  correction,  for  the  heat  of  fusion  of  potassium  chloride.  In  Figure  IX 
the  value  .26  is  the  correction  for  the  heat  of  vaporisation  of  sulfur,  .17  1* 
ths  correction  tar  the  heat  of  fusion  of  lead  oxide,  and  3*56  la  the  correction 
for  the  heat  of  fusion  of  potassium  chloride. 


7.  Accra! oal  of  Properties: 

In  reviewing  the  results  it  Is  seen  that  the  gas  volume,  which  le 
an  indication  of  the  pressure  produced  by  the  oquiba,  la  1.3  tinea  larger  for 
the  IHA1  Squib  than  for  the  "ISodified"  1£LM  Squib.  At  the  reapeotlve  flame 
temperatures,  however,  the  volume,  and  consequently  the  pro a our a of  the  gaflea  of 
both  oquiba  would  be  approximately  the  oeme.  Ihe  effeot  of  preooura  per  oe  on 
Ignition  la  unknown.  Insert  (Eef  Q)  hoc  shown  that  nitrogen  Iodide  viU  detonate 
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Btaoomloa  of  Somite  (ocotd) 


water  300  atmosphere#  pressure.  tel*  la  but  an  ioolated  oaca*  A gw  under 
jffjmxm  will  fOllcar  a pate  at  looat  resistance  la  carter  to  aacapa.  tea  grate 
A-9  SUak  Bator  la  teich  tea  squib#  ara  mfcsdtod  consists  of  mil  grain*,  and 
■a?  ttethr*  to  described  aa  yaartto  as  tears  ora  may  ohamala  of  aaoap# 
tefewaa  thaae  grain*.  Xt  la  adfs  to  «asms  therefore  teat  tea  aaall  quantity 
ofgMao  developed  tip  altear  sqolb  will  aooapo  batmen  tea  grain*  of  tea  Black 
Bntor.  Xt  la  also  soft  to  asataw  teat  any  grain  of  black  pewter  la  Itsolf  quite 
peroos*  Xt  Is  therefore  evident  teat  tee  pressure  developed  by  tea  gaaa*  of 
Bote  atnibo  will  to  qalokly  dissipated.  tee  prassarw  would  to  effective  however 
If  adnata  gas  bobbles  war*  ooolateA  in  tea  partlolas  of  Black  poster,  and.  tea 
poster  grains  teamed  an  laparaaobl#  solid  aaaa*  tec  prosaare  evolved  would  oo»- 
pvwss  tbaoa  bubbles  adiahatioally.  tea  oooqreealcn  scold  fans  a hot  spot  in  tea 
raacie  poster  ant  Ignition  wonld  to  afftetad.  tea  cowageaalcn  of  oeolated  gas 
taMOaa  la  folly  dlsoasssd  by  Bowden  and  Xoffis  (Baf  A).  Bor  an  ideal  eu  tea 
tMparaluia  r*aob*d  wonld  ba  derived  ikon  tea  fanaola  3fc  * /*2|  “Arf 

tears  Tq  la  tea  final  teapavatnra,  tea  initial  temperature,  Ifc  the  filial 
prasanra,  tea  initial  pressure,  and  Tj  la  tha  ratio  of  specific  bants.  Boston 


and  Ioffe  h*n  also  shown  teat  tea  appradmte  minimal  otaprwaion  ratio  mat  ba 
approximately  20x1  If  initial  jrassnr*  la  ataospharlo,  before  Ignition  can  be 
affected. 


It  has  been  shown  that  tea  heat  of  reaction  la  greater  for  the  MlAl 
Bqnlb,  than  for  the  ‘Modified"  KU1  Bqplb.  tea  hast  of  reaction  by  ltaelf  has 
hosswsr  little  aignifioanoa  from  tea  standpoint  of  ignition.  Brat  Intensity 
ia  i^fcrtanfc.  If  wm  combine  the  heat  of  reaction  with  the  moles  of  gee  produced 
m detain  eaperteantal  walnea  of  26.0?  heal s/mole  for  the  KU1  Squib  o capered 
with  71.01  kcal/mle  for  tea  "Modified"  MU1  Squib  (teble  U).  Th*  heat  per 
sols  of  gas  la  a batter  measure  of  beat  concentration  than  tea  heat  of  reaction 
by  Itself, 

tee  estimation  of  tee  flame  temperature*  la  figure*  I and  H indicate 
teat  the  product*  of  tee  modified"  Midi  Squib  attain  a temperature  1Q00°K 
higher  than  tee  products  of  tho  KLAI  Squib.  Tcallnaoa  (Bat  »}  gives  the  lnatan> 
temoaa  egploalon  temperature  of  black  per/der  as  783°H  It  la  therefore  apparent 
iron  figures  * “d  H teat  oituer  squib  can  ignite  tho  black  powder,  tee  espies* 
ion  temperature  hoserer  increase*  a*  tee  tin*  of  contact  of  the  black  powder  with 
the  igniter  decrease*.  It  la  evident  therefore  that  tee  higher  flame 
t^erature  attained  by  tee  produota  of  reaction  cf  the  "Modified"  KU1  Squib 
baa  a much  bettor  chance  of  igniting  tha  ML3  charge  of  Black  Powder, 
tee  products  of  tee  Midi  Squib  which  rsachea  a temperature  lOOO^X  less  than 
tee  "Modlfiod*  HLAl  Squib  (1870^) . 

A further  aralyaij  of  tho  reactions  obovn  in  Ihbloa  HI  and  17  iedicatos 
that  tho  only  colli  roalduo  of  tho  K1AL  Squib  ia  potaaaiia  chloride  whereas  the 
.jsdiflod"  I UAL  Squib  ylolda  load  oxldo  and  oulftir  aa  veil  oa  potaauixn  chlorido. 
Both  load  oxide  and  sulfur  ora  oollda  at  room  tonporcturo.  At  tho  flame  toaperaturo 
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Bisouaslon  of  Beaults  (cootd) 

It  to  likely  that  tho  solid  residues  of  sack  squib  say  to  olther  part  tailor 
■olid,  liquid,  or  gassous  particles.  Those  psrtiolo#  vill  however  revert 
to  solid  or  pwcrasps  a liquid  state  on  contact  vith  natter  at  sabient  ten®- 
ear stars,  such  as  tfc*  surrounding  powder  of  ths  igniter.  The  total  veigfct 
of  solid  natter  frea  the  "Modified"  XU1  Bqufb  is  .03033  gas  o capered  vlth 
.01966  gas  tor  tbs  KU1  Squib.  Xt  Is  probable  that  theee  solids  affeot  the 
ignition  properties  of  the  equibs.  A Base  in  the  solid  state  at  any  given 
tenperature  can  concentrate  a given  mount  of  heat  into  a anoh  —liar  toIsbes 
than  an  equivalant  Base  la  the  gaseous  state.  Xt  is  therefore  apparent  that 
in  this  respect  the  "Modified*  K1A1  Squib  has  a better  chans#  of  Igniting 
the  MSB  Ignitor. 

Tho  presence  of  solid  residues  aay  bo  ecspared  to  the  presence  of 
the  grit  particles  in  powders  referred  to  by  Bowden  and  Ioffe  (Bef  A).  Theee 
anthers  have  shown  that  the  pa-seance  of  such  particles  has  a direct  Influence 
on  the  ignition  of  a powder.  Xt  is  shewn  that  if  these  grit  particles  attain 
high  tsegeratures  they  vlll  readily  initiate  an  explosion. 

She  reactions  listed  la  Table  XT  Indicate  that  one  of  the  products 
of  reaction  of  the  K1A1  Squib  la  enter.  Bo  water  is  foamed  In  the  reaction 
products  of  the  "Modified*  Midi  Squib.  Xt  Is  possible  that  the  water  vapor 
famed  In  the  reaction  would  condense  on  contact  vith  the  powder  to  be 
Ignited  end  Bight  reduce  the  effectiveness  of  the  X1A1  Squib  in  igniting 
that  powder. 

She  individual  properties  of  each  squib  have  boon  dismissed  and 
compared.  She  emulative  effect  of  these  properties  is  believed  however  to 
be  the  most  Important.  Brae  tho  heat  of  reaction  in  itself  is  not  too  sig- 
nificant, but  the  heat  of  reaction  combined  vith  a knowledge  of  the  physical 
state  and  quantity  of  products  is  significant.  Sis  function  of  tho  squib  la 
to  ignite  a black  powder  charge  (MB  Igniter).  Sure  are  various  naans  by 
which  Ignition  say  be  affected.  If  it  la  assumed  that  ignition  takes  place 
by  the  contact  of  the  hot  particles  of  reaction  vith  the  black  powder  until 
the  black  powder  reaches  its  ignition  tenperature,  it  is  evident  that  the 
product*  of  the  "Modified"  MlJVl  Squib,  which  attain  a much  higher  tenperature 
and  consist  of  a greater  quantity  of  solid  particles,  can  emit  sore  heat  In 
a more  concentrated  area.  B10  concentration  of  energy  is  all  important.  This 
is  in  accord  vith  the  work  dons  by  Bowden  end  Ioffe  (Bef  A). 

gCTXBTOSL  HjOgSBggi 


8 • To  determine  the  gas  volume  of  the  individual  squi'J  each  squib  was 
fired  in  a 14  al  bomb  in  one  a sphere  of  air  and  the  gaaoa  formed  were 
measured  in  an  eudicnetor.  The  supply  of  "Modified"  MULL  Squib3  was  limited 
however,  and  it  was  therefore  nacosaary  to  use  15  oquiba  to  obtain  an  average 
gas  volume  dotomi  nation. 
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Sieoaaslon  of  Beaulta  (eontd) 

% Xa  enter  to  aotljn*  the  gases  f oneed  on  firing,  aim  aqulba  wr» 
fired  slimltamoualy  la  a 388  aL  oxygen  to*.  She  gaaas  fossa#  van*  snalyxed 
by  seas  of  ea  firrnt  type  apparatus,  vitfc  the  exception  of  sniffer  dioxide 
which  m deteaslaeA  by  >«>■*»*  the  gee  through  *331  Iodine  eolation  and  tl- 
tratlsg  the  esteem  vlth  eodlua  thiosulfate. 

30,  She  heat  of  reaction  of  the  "Modified"  MULL  charge  me  determined 
nalog  one  ataoephers  of  air  toad  generally  following  the  prooedare  need  to 
detemlae  heat  of  ccnbnetian.  da  effort  me  sate  however  to  s isolate  as 
closely  ae  pooalhle  the  ooodltlcae  need  la  firing  the  individual  agdb*« 
l.*.i  a loading  density  of  apprccclmtely  0*00323  gtfcaP.  She  ohexge  from 
the  MULL  Squib  me  not  available.  Xa  order  to  detamine  the  heat  of  reaction 
It  ms  therefore  mommy  to  fire  aim  squibs  stmltsmoasly  and  to  detexolm 
the  heat  capacity  of  the  oalorlneter  vlth  the  squibs.  This  me  aoeaapllahad 
by  placing  the  aim  f*_ed  squibs  la  the  oalcrlssetor  bosket  and  detarainlng 
the  mter  equivalent  of  thf  calorimeter  with  benaole  acid* 

ciMeixraxirat 

'll.  firing  testa  have  shorn  that  the  "Modified"  Squib  Is  a sore 
efficient  Igniter  than  the  ordinary  MULL  Squib.  It  la  believed  that  the 
greater  efficiency  of  the  ^Codified"  Midi  Squib  my  be  partially  explained 
by  the  following  factors  t . . 

a.  She  greater  quantity  of  nolid  products  fenced  by  the  reaction 
of  the  "Modified"  MULL  Squib  can  effect  a acre  Intimate  and  concentrated 
contact  . vlth  the  Igniter.  She  mter  vapor  formed  by  the  Mill  Squib  ay  inter- 
fere vlth  lta  Ignition  efficiency. 

b*  fhs  flam  e of  the  nroduots  of  reaction  of  the 

"Modified"  MU1  Squib  la  approximately  lOOOTChigher  than  that  of  the  MULL 
Sqplb. 

o.  Although  the  heat  of  reaction  of  the  "Modified"  MLAl  Squib  la 
lower  than  that  of  the  MLAl  Sqnlb,  the  heat  evolved  per  sole  of  gas  for  the 
former  Is  more  than  three  times  the  value  for  the  latter. 

s 

d*  ihe  pressure  developed  by  the  products  of  either  squib  appears 
to  have  a negligible  effect  on  ignition. 

12.  It  la  believed  that  the  cumulative  effect  of  those  properties  la 
--the  basis  of  the  greator  Ignition  efficiency  of  the  "Modiflod"  M1A1  Squib. 

Rrco^crt-iTic:^; 

. 13*  la  view  of  the  feet  that  r.my  factora  nay  influence  ignition  it  io 
rac emended  that  a core  complete  atudy  be  made  to  find  out  the  circular  oral 
cumulative  effect  of  each  parameter  on  tuition.  Tile  vould  include  a.  otudy  of 
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Baorniulttloc*  (oontd) 

th#  eftet  on  ignition  of  9s  solan*,  fUam  tmqfmr*,tucm,  hoot  of  roootlon  and 
typa  joci^fButlty  of  solid  sod  Uguid  products,  i u soli  os  other  phycioal 

jamcsaaatt 
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Volght  (g#a)  aad  Qm»  Tolas*  (si)  of  "MoAiflod*  KU1  Sqult* 


Om  Tolas*  (si) 
0°C-760  sai 

Donation  trmkt ora** 

8.9 

.1 

.01 

10.0 

1.8 

l.%* 

10.0 

1*2 

1.** 

10.6 

1.8 

3.21 

6.8 

2.0 

1.00 

6.3 

2.3 

3.29 

8.2 

.6 

.36 

10.1 

1.3 

1.69 

?.o 

1.8 

3.2* 

6.3 

.3 

.09 

9.3 

.7 

.*9 

8.6 

.2 

.0* 

8.0 

.8 

.6* 

10.0 

1*2 

1.** 

34 

0*0 

M (Si2)  = 

Standard  donation  of  fha 


.33 
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(&am) 


.OJW 

.0611 

•OW 

.0558 


.0513 
.03 


.0*99 

.0516 

.0581 

.0518 

.0581 

.0538 

.0512 

.0511 

.05*5 

.0632 

.0605 

.05*3 
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